Abstract. 2014 A method is reported for the preparation of flat specimens (30 03BCm thick) of porous, brittle and low permeability materials and rocks for both optical microscopy (OM), scanning electron microscopy (SEM) and electron probe microanalysis (EPMA). The method, based on alternating embeddings in vacuum with epoxy resin and grindings with final polishing down to 0.25 03BCm alumina grain size, prevents the breaking of the glassy interconnections and fills with resin the majority of the bubbles and voids. It has been applied to the analysis of pumices sampled at Linosa, Sicily, which are glassy materials with inhomogeneities on a micro-scale and with a vesicular texture often not interconnected. The method has been successfully applied also to the preparation of various sedimentary rocks, synthetics, bones and biomaterials.
Abstract. 2014 A method is reported for the preparation of flat specimens (30 03BCm thick) of porous, brittle and low permeability materials and rocks for both optical microscopy (OM), scanning electron microscopy (SEM) and electron probe microanalysis (EPMA). The method, based on alternating embeddings in vacuum with epoxy resin and grindings with final polishing down to 0.25 03BCm alumina grain size, prevents the breaking of the glassy interconnections and fills with resin the majority of the bubbles and voids. It has been applied to the analysis of pumices sampled at Linosa, Sicily, which are glassy materials with inhomogeneities on a micro-scale and with a vesicular texture often not interconnected. The method has been successfully applied also to The method has been successfully applied to the preparation of pumices sampled at Linosa, Sicily (Italy).
Similar preparative methods for OM observations usually refer to unconsolidated fine-grained sediments [1] [2] [3] , soils and clay-rich samples [4, 5] and to friable wafers from clastic sedimentary rocks for fluid inclusion analysis [6] .
Pumices are pyroclastic rocks produced by bursts of magmatic material in the air during the first stages of explosive volcanism involving large amount of gases. They are glassy materials of sialic composition with inhomogeneities on a micro-scale and with vesicular textures very rich in bubbles and voids, often not interconnected. The size and density of the gas bubbles is such that the specific gravity, in some cases, is about 0.7 g/cm3.
By using OM, SEM and EPMA, important magmatic information can be gathered from the knowledge of the crystal-chemistry and habit on a micro-scale.
For the above-mentioned analyses, the specimens must satisfy the following requirements: i) for OM analysis, the material has to be prepared in thin sections ( Small-sized samples (a few cms), which cannot be cut in the sizes of the blocks, are totally embedded in resin, then they are cut in sizes comparable to those of a typical rectangular glass slide (28 x 46 mm2).
In general, before the various cuts, it is important to choose a priori the region, inside the pumice-rock, to be studied. The rough wheel cuts must be performed at least 2 mm away from the desired area to avoid the propagation of fractures.
These embeddings are performed at a pressure relatively low (about 100 torr), since the specimens have only to be prepared for easy-handling for the successive steps. Embeddings performed at higher vacuum (5 x 10-3 torr) could cause the breaking or fracture of internal structures of the specimen. The resin is pre-heated at about 80 ° C to increase its fluidity, hence to facilitate the surface impregnation of the sample.
Type (ii) samples, i.e., fragments and/or sands produced by the disgregation of pumices, are placed, in amount of 20-30 g, in polyethylene containers of sizes 30 x 30 x 30 mm3 and successively embedded in resins. Since epoxy resins do not stick to polyethylene it will be easy to remove the embedded material from the container. Care should be exercised that the embedding takes place without (or with limited) formation of air bubbles in the resin and between resin and the pumice fragments. To this purpose the embedding can be directly performed at about 5 x 10-3 torr and at 80 ° C, since the sample is made of sediments and its structure is easily preserved. The evacuation of the vacuum-chamber must be performed very slowly in order to avoid the boiling off of the monomer out of the container due to rapid outgassing. It is convenient to outgas the resin before the sample is placed in it to avoid or minimize the air bubble formation during the successive steps.
For both cases (i) and (ii), the choice of a resin of low viscosity is therefore very important. In this work we have tested several resin (see Tab. I) and the most suitable one is Araldit BY158 with hardener HY229b. For specimen of lower fragility and higher permeability than pumices, Araldit LY554 with hardener HY956 can be also recommended.
One has to bear in mind that Araldit can react at high temperature with exothermal reaction. To avoid this, the specimens must be extracted from the vacuum chamber before polymerization takes place. In some cases, it is necessary to cool the specimens at 2-4 ° C in a refrigerating cell. The cooling slows down the polymerization and therefore prevents the specimen structural deformations, which may occur otherwise.
It is useful, although not essential, to use vacuum-chambers equipped with devices for pouring the resin onto the sample under vacuum and at a controlled temperature. This is very effective for samples of high permeability since it is possible to outgas the resin before the embedding, without venting the vacuum-chamber. Embedding performed in this way produces the best results: very few air bubbles are present in the resin and at the interface between the resin and the material.
However, for samples with few interconnections between cells or voids, these accessories are not effective since, due to the low permeability of the materials, the resin will penetrate only a surface layer, whose thickness depends on the sizes of the cells or voids. (Fig. la) . After the polymerization the specimen is cut to a thickness of about 2 mm from the glass slide VI by the diamond saw (Fig. lb) ; iii) a layer of resin is applied to the freshly cut surface; iv) the specimen is thinned to about 500 03BCm by means of a Riedoz (Besançon, France) mod. 73 diamond (600 mesh) grinding machine (Fig. lc) . This thickness is sufficient to prevent the propagation of fractures and modifications induced by the diamond saw and the grinding machine inside this kind of specimen in the thin layer (30 03BCm thick) chosen for the various observations. This operation should be performed very gently (in about 10 min) and carefully to avoid the fracture of the morphological structures of the sample; v) another glass slide V2 is then applied to the surface prepared in iv), after resin embedding (Fig.  ld) . This and the successive embeddings are performed with BY158 resin and relative hardener at a pressure of 5 x 10-3 torr at 100 ° C for the maximum time this resin can resist before full polymerization takes place (about 10 min). In this stage, the specimen, being thin, outgasses in a very short times; hence, it is possible to heat the resin at a temperature (100 ° C) higher than when the specimen is thicker and the resin is heated at 80 ° C to have more fluidity. However, in any case, the specimen after the embedding and the glueing of the glass slide, is placed in a refrigerator cell at 2-4 ° C to slow down the polymerization and hence to avoid volumetric deformations with breaking of the sample and/or of the glass slide support.
We have so obtained a sandwich with 500 {Lm of specimen, embedded in resin, between two glass slides VI and V2 (Fig. le) . The problem of the fracture and loss of the fine glassy interconnections is avoided; the presence of micro-bubbles of air (1-20 jum in diameter) trapped in the resin is still observed; vi) the presence of the micro-bubbles is reduced, initially, by thinning the specimen to 400 /-Lm by the Riedoz grinding machine. The machine grinds, firstly, the glass slide VI (Fig. lf) . Then the procedure of embedding and thinning is successively repeated (Figs. 1g, h ). At this time, for an effective reduction of the presence of air bubbles, the alternating embedding and thinning procedure is performed only for a few tens of 03BCm (mean diameter of the micro-bubbles) at a time. This is the "key" of the thinning procedure; in fact, the probability of a complete penetration of the resin in the surface layer (which becomes closer and closer to the final specimen layer), increases by embedding and thinning the specimen in this way, successively, for many times. The time required for each of these lappings is about 30 min. vii) after n embeddings (n -10-15), the Vn-1 glass slide is lapped away and the specimen thinned to 50 /-Lm by the Riedoz machine (Fig. li) . Then the specimen surface is polished with 1000 mesh abrasive paste to a thickness of about 45 03BCm (Fig. 11) . In this case neither contamination from the abrasive nor detachments of the fine glassy structures occur because the specimen is perfectly embedded and no cavities are present at the surface. (Figs. 11, m) .
The glue must have a high mechanical strength and hardness to reduce the probability of detachment during the successive specimen thinning. The requirement of low viscosity is not necessary any more, since the surface does not present any irregularity of discontinuity and the bubble density is low. Araldit AW106 with hardener HV953U have proven to be the most suitable. The resin was fluidified at 150 ° C on the glass disk D. Then the disk was glued to the specimen and rapidly placed in a cold cell at 2-4 ° C for some hours to prevent rapid polymerization, which subsequently was performed at room temperature and atmospheric pressure for 24 h. -After the glass disk D has been glued onto the specimen surface, glass slide Vn is lapped away with the Riedoz machine. The specimen is then thinned to 30 /mi, either mechanically by the LP30 Logitech machine, or manually by the conventional lapping procedures (Fig. ln) [7] , was used in order to improve the atomic number contrast imaging [8, 9] .
The standards of natural silicates and glasses were supplied by US National Museum of Natural History (USNM, Washington, DC, USA) [10] and Micro-Analysis Consultants (St. Ives, U.K.), as specified in Table II. The quality of the analyses was checked by making frequent measurements on the reference standards while performing the analytical runs. In addition, cross-checks were made by using more than one standard.
The SEMs were operated at 30 kV during the SE and BS observations. SEM-EDS was performed at 15 kV The gun tungsten electron source was thermally conditioned for about 4 h in order to achieve a well-stabilized probe current of 2.000 nA decreasing at a rate of 0.005 nA h-1. The analysis time was 120 s. Quantitative SEM-EDS analyses were accomplished using the EDAX PVQUAN program, a modified version of the well-known FRAME-C NIST program [11] , which corrects iteratively for background, peak overlapping and ZAF effects.
All the analysed elements were stable under the beam, except Na. The Na intensity is underestimated by a few percent depending on the electron dose and the dose-rate, as already observed in previous studies [12] . Figure 2a is a typical optical micrograph, obtained with parallel polars, of a 30 03BCm thick section of a pumice sample. Three features are to be noted: i) it is possible to observe the preservation of most of the glass interconnections between the bubbles; only a few cracks or fractures are present; ii) the size distribution of the gas bubbles and/or voids is very wide: bubbles with size of about 1 mm (at the centre of Fig. 2a ) are seen together with bubbles of size down to micrometers; iii) the glassy phase shows regions of different colours in transmitted light: a brown glass in the middle (where the bubbles are large) and a grey-white glass at the top-left and bottom-right corners (where the bubbles are small). In the black and white Figure 2a the brown glass appears dark grey and the resin filing the bubbles appears white. Figure 2b is a backscattered electron image, comprising the area of Figure 2a (at a slightly reduced magnification). Worth noting is the BSE signal coming from the glass in the centre of the image, which is higher than that produced by the glass situated at the edges. This means that the brown glass (as observed in OM), which surrounds the bigger bubbles in the center of the figure, has a higher mean atomic number composition with respect to that of the grey-white glass which surrounds the smaller bubbles at the edges. The embedding epoxy resin appears dark black, owing to its low mean atomic number. Figure 2c is the secondary electron image of the same area. In this micrograph more details can be seen which provide information about the preservation of the interconnections and the choice of suitable areas for electron probe microanalysis on the basis of their flatness. Figure 3a refers to a 30 /-Lm thick pumice specimen, different section from that of Figure 2 , imaged with the transmitted light microscope set with parallel polars. The two-size distribution of the gas bubbles and the different contrast produced by the various regions of the glasses are apparent in this case too. Almost all the thin glass interconnections have been preserved during the thinning procedure. The presence of small gas bubbles and/or inclusions (about 10 03BCm in diameter and indicated as B in the figure) should be noted. They are located undemeath the specimen surface and visible with transmitted light and with BSE, when close to the surface.
Figures 3b and 3c are the BSE and SE images respectively of the same area presented in Figure 3a . In these images the previously observed inclusions B are not nearly as visible since the electrons producing the signals come from higher levels than those where the inclusions or bubbles are situated. However, they will be within the X-ray generation volume and their composition detectable. The regions of this kind of specimens useful for quantitative electron probe microanalysis can therefore be chosen only after both optical microscopy and scanning electron microscopy observations have been performed. . A) ; they act as divergent lenses for the light and appear dark in the optical micrograph; owing to the low density the air bubbles are not visible with BSE, whereas a strong edge contrast is seen with SE, as expected for a structure very close to the surface. Fig. 3 . Figure 2 , and in the grey-white glass (type B) visible at the border of Figure 2 , taking into account the presence of inclusions and glass bubbles underneath the surface. The main point of interest is that type A-glass is an iron-rich glass (up to about 12 wt% as FeO), whereas type B-glass is almost an iron-free glass (about 0.3 wt%).
As for the other elements, type A-glass is richer in CaO (about 6 The different size distribution of the gas bubbles in the two kinds of glasses arises from the different geochemistry and can be understood by assuming an interference between fluids of different composition which maintain their viscosity characteristics; the latter depends on the temperature and the Si02 content. This assumption is strongly suggested by the presence of clearly defined interfaces between the glasses having different vesicular textures (Figs. 2,3) . Figure 4 is a BSE image of a detail of a glass junction between three gas bubbles. Various bands (a few micrometers thick) running almost parallel to the bubble boundaries and mixing together are visible. The presence of these bands is a further confirmation of the fact that the two volcanic fluids came into contact. In addition, the existence of bands suggests the fluids partially mixed with each other and cooled very rapidly before they could homogenize. 4 . Conclusions The present paper presents: i) a method of specimen preparation of porous, brittle and low permeability materials to be used for both optical microscopy (OM), scanning electron microscopy (SEM) and electron probe microanalysis (EPMA); ii) the results of the successful application of the above method to the analysis of samples of pumices (which are pyroclastic rocks produced by the violent expulsion of magmatic material in the air during the first stages of explosive volcanism involving large amounts of gases).
Large, polished areas (about 400 mm2) of 'consistent pumice-like rocks were prepared. Previous observations referred to incoherent glassy material, where the micro-chemical correlation with morphology was lost. The present method avoids the breaking of the glassy interconnections, allows the filling of the majority of the bubbles and voids with resin and produces flat surfaces suitable for optical, SEM and EPMA investigations.
They have shown that some pumices from Linosa contain two types of glasses with different composition. The information obtained from the knowledge of the crystal-chemistry and habit on a micro-scale suggests that the two types of magma came into contact, partially mixed and cooled very rapidly before they could homogenize.
The above method has been successfully applied also to the preparation of other low permeability and high porosity materials such as sedimentary rocks, synthetics and biomaterials (synthetic phosphates, carbonates and bones). This method, associated with cryofixing and cryosubstitution techniques, can be applied also to samples of rocks containing fine clay particles (not lithified). Details of these results will be published in a forthcoming paper.
